The proportion of transferable beef embryos obtained after superovulation, follicle aspiration, and in vitro maturation and fertilization has been small. To seek possible explanations, cows on different planes of nutrition were treated with exogenous gonadotropin and oocytes were isolated from their ovaries. The record for each oocyte included characteristics of the follicle, ovary, and cow from which it was obtained and the response to in vitro maturation, fertilizstion, and development. The sample was used to obtain estimates of the relationships among the variables. The logistic function with the probability of normal development as the dependent variable was the basic equation of the statistical model. When an explanatory variable was itself a result of the biological system, an equation explaining variation therein was added to the model. Had equations representing endogenous regressors not been added to the model a simple, single equation would have represented oocyte development response; given an oocyte at aspiration only one variable, cumulus quantity, was found to condition the probability of normal development directly. However, the complete model included four additional equations: 1) the probability that an oocyte was recovered at aspiration was conditional on the plane of nutritional treatment and progesterone concentration in follicular fluid; 21 cumulus quantity was conditional on the presence on a corpus luteum, follicle size, and progesterone concentration; 3) progesterone concentration was dependent on plane of nutrition; and 4) corpus luteum w&s conditional on plane of nutrition. The estimated model provided some insight into the complexity of oocyte development response and the role nutrition may Play.
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Introduction
A major limitation in the application of embryo transfer technology to production of domestic animals is obtaining a large number of embryos 'Published with the approval of the Director of the Montana ranging from 20 to 40%. The low success rate raises the question of whether there are qualitative differences in the harvested oocytes that affect potential for complete development into transferable embryos. Criteria for selecting 00-cytes based on differences in oocyte quality are limited and rather subjective (Leibfried and First, 1979) . Similarly, females, ovaq, and(or1 follicle characteristics that may influence the number or quality of oocytes are not well established (Fukui and Sakuma, 1980;  Katska and Smorag, 1984 ; Leibfried-Rutledge et al., 1985;  Grimes and Ireland, 1986) .
The objective of this study was to investigate the relationships among factors related to oocyte quality Ke., the complete biological integrity of an oocyte as measured by its ability to undergo early embryonic development in vitro after in vitro maturation and fertilization). The fundamental postulate for this study was that oocyte development is a result of systematic relationships within a biological system and thus can be represented by a system of equations. Data were individual records of 401 follicles aspirated from ovaries of 33 FSH-treated beef cows that were included in an experiment to determine the influence of nutrition on ovarian function. This data sample was used to estimate parameters of a model describing oocyte development response to variation in characteristics of the female, the ovary, the follicle from which the oocyte was aspirated, cumulus cells, and the oocytes themselves.
Materials and Methods

Data Sample
The data were observations on various characteristics of recovered and fertilized oocytes, the follicles from which the oocytes were aspirated, the ovaries on which the follicles were located, and the cows from which the ovaries had been surgically removed. Data were collected on 401 follicles from the ovaries of 33 cows. In part the experiment was designed to determine the effect of nutrition and body condition on oocyte development. Thus a 2 x 2 factorial arrangement was implemented with 17 cows initially placed on a low plane of nutrition and 16 cows placed on a high plane of nutrition. Cows were maintained at these feed levels for 60 d to provide treatment groups with either a low 0 or high 0 body condition. After ovariectomy, characteristics of the ovaries were recorded and the follicles 2 7 mm in diameter were aspirated. Follicles 1 7 mm were selected because they represented the population of follicles from which ovulations would have occurred had ovulation been permitted. After aspiration, recovered 00-cytes (n 3 : 290) were matured and fertilized in vitro. Methods for handling ovaries and in vitro maturation were those described by LeibfriedRutledge et al. (19871, except that oocytes were incubated individually in 10-pL droplets so that the fate of each could be recorded. Maturation was based on expansion of the cumulus cells or absence thereof. Fertilization was as reported by Parrish et al. (19861 using semen from a bull of known fertility. After fertilization, oocytes were incubated for 48 h as described by LeibfriedRutledge et al. (1987) to permit embryonic development. Development was assessed by staining the embryos and counting the number of nuclei. Concentration of steroid hormones in follicular fluid was determined by RIA previously validated in this laboratory (Staigmjller et al., 1979 the statistical model, and it was interpreted as the probability of normal oocyte development. The explanatory variables were factors hypothesized to condition the probability distribution of normal development, and the null hypotheses were that coefficients on the explanatory variables were equal to zero.
The basic equation of the statistical model was the logistic function as follows:
where NDi = probability of normal development for the ith oocyte with the observed sample values being 1 if normal development and 0 otherwise; Xij = values of the J traits, characteristics, and other factors hypothesized to condition the probability of normal development for the ith oocyte; a, = the unknown parameters to be estimated; and 6 = the ith random disturbance term. The logistic function was chosen because its sigmoid shape corresponds to a cumulative distribution function and is not subject to the shortcomings of a linear model (for a complete discussion see Fomby et al., 1984 , or Kmenta, 1971 Number of follicles 7 mm in diameter on the same ovary as FN; Number of follicles 2 7 mm in diameter on the same ovary as F"; 1 when follicle 0 was on R or L ovary, respectively, = 0 otherwise; Surface diameter of follicle, p~zn; 1 when follicle was largest follicle from either ovary from the cow, = Given the basic equation, consideration of the variables ( Table 1) that might influence ND led to the conclusion that the appropriate model was more than a simple, single equation. Among the possible explanatory variables were female traits and ovary and follicle characteristics that were themselves responses of the biological system. As such they were considered random variables and the model was expanded to include an equation for each endogenous explanatory variable. Thus, the complete statistical model was a set of simultaneous equations that expressed the various interdependent responses of the biological system leading to oocyte development (e.g., female traits and ovary, follicle, and oocyte characteristics, and the s'ubsequent effects on the probability of normal oocyte development).
Results and Discussion
Cow Traits
Sample means, SD, and minimum and maximum values for the quantitative variables in the data sample are presented in Table 2 . Although all are not explicitly included in the subsequent detailed discussion of the results, all were included in the statistical analyses, first, to determine whether these variables were sigruficantly affected by the plane of nutrition, and, second, to determine whether these variables should be included as explanatory variables in the ND model. One variable deserves discussion; cow age is reported in years. Yet, simple time is probably not the important dimension, rather it is the occurrence of physiological events that happen through time that condition a response or generate an effect. Within the sample, all cows of a given age also had the same reproductive history-3-yr-old cows were primiparous, and so on. Thus, in this data sample, age, parity, or any other term describing reproductive history were synonymous; age was selected for its simplicity.
Because it is the occurrence of discrete events that may be important, the analyses considered categorical age variables in addition to the seemingly continuous variable, age. It was hypothesized that cow body condition score (BCS) would vary with treatment group. The initial parameter estimates obtained with ordinary least squares procedures were BCSi = 13.750 -4.7500LLi -5.125OLHi + .125OHLi (.8 183) (-8421) (.8421) with SE of the coefficients in parentheses, R2 = .715, and SE of the estimate = 1.684. It was concluded that the estimated coefficients on LL and LH were significantly different from zero but not significantly different from each other. The estimated coefficient on HL was not significantly different from zero. Thus, it was inferred that the determinant of BCS was the initial plane of nutrition, H vs L. Although the plane of nutrition had changed for the LH and HL cows, the number of days on the alternative feeding level (the 2 O d final nutrition phase) was such a short period that & response to change in nutrient quantity had not yet been manifested in changed BCS. Because no other variables, including cow age, or interactions among variables were found to explain variation in BCS, the model judged to best fit the data sample was as follows:
with SE of the coefficient in parentheses, R2 = .712, and SE of the estimate = 1.635.
Presence of a corpus luteum (CL) (CL = 1) was related to initial plane of nutrition and cow age. However, effects attributable to each could not be separated with the data sample. All 16 cows (including six 3-yr-olds) on the high plane of nutrition had a CL, whereas 7 of the 17 cows on the low plane of nutrition did not have a CL. Six of the seven cows without CL were 3-yr-01ds1 leaving only two 3-yr-old cows on the low plane of nutrition that did have a CL. There was no difference in presence of a CL attributable to changing the plane of nutrition during the experimental period. Because the variables conditioning the probability of a CL, cow age 3, and L were themselves binary, the estimated logit model parameters exactly reflected the proportions of 3-yr-old cows having or not having a CL. Thus, the following conditional probability statements regarding the presence of a CL were derived from the data sample:
where L denotes a cow on initial low plane of nutrition; H denotes a cow on initial high plane of nutrition; -denotes not, the characteristic was not present; CA3 denotes a 3-yr-old cow; and CAO denotes a cow > 3 yr old.
Results with respect to two other variables, CL location and dominant follicle location, were in part consistent with past results, and in part raised a question to be researched and a hypothesis to be tested with much larger data samples. Although the number of cows in the present sample is small, the possibility of a nutritional effect on relative right-left ovary activity was raised by the CL and dominant follicle distributions (Table 3) . Previous studies with dairy cows found that ovulations occurred slightly but significantly more often on the right ovary than on the left ovary (Kidder et al., 1952) . If the point estimate of the probability of right location is taken to be .56 and because only the initial plane of nutrition affected CL location (the final nutrition phase was started just before ovulation), then among the L cows the proportion 4 of 10 CL right ovary, although < .5, certainly was not surprising.
However, among the H cows the 12 of 16 CL right ovary seemed disproportionate, and so the probability was calculated as follows: This probability and the probability of observing 12 or more from a sample of 16 2 (F) (.56)k(.44)'6 -= .0984
were neither small nor large. Although they were in the range that would often lead to rejecting the null hypothesis, they were not considered persuasive evidence for or against a plane of nutrition affect. Consideration of the dominant follicle location distributions only increased curiosity.
Again, among the L cows, whether LL or LH, and even among the HL cows, the distributions ( Table   Table 3 and further focuses on the need for additional research to understand the mechanism that apparently makes the right ovary more actke and the possible role of plane of nutrition.
Variation in other cow characteristics, CL weight, ovary weight, the number of follicles < or > 7mm, the total number of follicles and the proportion of oocytes/embryos that develoFed normally, was not explained by or attributable to treatment group, cow age, or BCS. Of course, ovary weight was highly correlated, .74, with the number of follicles > 7 mm, and correlated, .42, with the number of follicles < 7mm (i.e., heavy ovaries had a large number of follicles).
In summary, it was the initial plane of nutrition, not the change in plane of nutrition during the experimental period that had important effects on BCS and presence of a CL. The interesting results that raised questions in need of further research were found when the previously reported probability of right ovary location, .56, was applied to the CL and dominant follicle location distributions. Although the power of any statistical test was low because of the small number of cows in the study, the calculated probabilities of observing the H distributions were small enough to raise the conjecture that the mechanism making the right ovary more active than the left is in fact responsive to plane of nutrition.
Oocyte Developmeni
For the analysis of oocyte development the unit of observation was the individual follicle. First, within the sample of 401 observations, 115 oocytes developed normally; thus, the success rate, or the unconditional probability of normal oocyte development from this sample of aspirated follicles, was 115/401 = .287. Second, there were four distinct possible outcomes: 1) an oocyte was not recovered at aspiration (1 11 follicles); 2) the oocyte was lost in the laboratory during the experiment (66 oocytes); 3) the oocyte developed normally (ND); or 41 the oocyte did not develop normally (109 oocytes). The objective was to determine whether plane of nutrition, cow traits, and ovary and follicle characteristics entered the logistic function as explanatory variables to condition the probability of normal development. Given that some of the possible explanatory variables were themselves responses of the system, and thus random variables, a potential estimation problem had to be considered. The problem was the possible correlation between a stochastic regressor and the equation disturbance term. When a regressor is correlated with the equation disturbance term the parameter estimators are biased and inconsistent, a problem that even maximum likelihood procedures will not resolve m e n t a , 1971). Correlation between the equation disturbance and explanatory variables representing female traits and ovary and follicle characteristics seemed likely because all were generated within the same system or unit of observation. relations among system responses and among system responses and basic determinants furthers understanding of the complexity of the biological system.
The best fit statistical model representing the relations leading to normal oocyte development included five equations and the implicit relation between the plane of nutrition treatment and the presence of a CL. Two of the equations along with the implicit relation represented the biological system in terms of the conditional probability that an oocyte was recovered at aspiration. The three remaining equations then represented the biological system in terms of the conditional probability that a recovered oocyte developed normally. The equations and parameter estimates are presented in Table 4 .
Through the testing of many specifications only two variables, concentration of progesterone in follicular fluid (P3 and plane of nutrition, were found to condition the probability that an oocyte was recovered at aspiration (Equation 2, Table 41 . Because P4 w&s itself a response of the biological system, an equation explaining variation therein was added to the model. The distribution of P4 concentration was skewed to the right, and therefore the values were transformed to LnW4). With Ln(P41 the dependent variable, measures of equation fit improved, and the best fit specification included only the binary variables LL and LH [Equation 1, Table 4 ). The distinction between LL and LH in terms of P4 was the only time in the analyses with the follicle as the unit of observa- tion that the changing plane of nutrition during the experimental period had a significant effect on the result. The effect of plane of nutrition is shown by the number of follicles with P4 > 1,000 ng/mL for each treatment group mable 5).
The low plane of nutrition not only decreased P4, but it also decreased the probability of recovering an oocyte. Equations 1 and 2 in Table 4 represent the biological system in terms of the likelihood that an oocyte was recovered. The relations as well as the cow trait responses to plane of nutrition are depicted in a tree diagram in or -immediately above the arrow indicate the direction of the effect. For instance L, compared with H, has a two-part effect on the probability that an oocyte was recovered at aspiration; L directly decreases the probability, whereas LL and LH by different amounts decrease the P4 concentration, which, given the negative sign of the estimated coefficient and smaller P4, then increases the probability that an oocyte was recovered at aspiration. Although the indirect effect of nutrition (decreasing P41 offset the direct effect, the net effect of L was to decrease the probability that an oocyte was recovered. The effects are shown by the calculated example conditional probabilities that an oocyte was recovered presented in Table 6 . For a given P4 concentration there was a smaller probability that an oocyte was recovered when the cow had been on the low plane of nutrition than when the cow had been on the high plane of nutrition. These results point to the need for further investigation and understanding of the role and mechanisms through which nutrition affects physiological responses.
The finding that the cow trait responses to the plane of nutrition experiment with L acting to decrease the probability of a CL and BSC were separate from oocyte development is made clear in Figure 1 . Although there w~l s correlation in the observed values of BCS and P4, when the effect of the common basic determinant plane of nutrition was removed there was not a discernible causeeffect relation, hence no arrow in Figure 1 ; similarly no arrows appear for other variables for which no cause-effect relation was discernable.
One further outcome, the probability that the oocyte was lost during the maturation, fertilization, or development periods after treatment with FSH, must be considered before explicitly considering the phenomenon of primary interest, normal oocyte development. To concentrate on the three remaining outcomes, lost during the experiment, ND, and not ND, it was decided to truncate the data sample, to delete from the sample those observations in which an oocyte was not recovered at aspiration. Thus, the sample became 290 observations, because the oocyte was lost during the experiment for 66 of the observations.
To test for systematic loss of oocytes during the experiment, several specifications regressing the restricted dependent variable, oocyte lost during the experiment, on other variables in the data sample were estimated. None of the estimated coefficients were significantly different from zero nor were statistics measuring the fit of the regressions significnatly different from zero. Thus, it was concluded that the loss of oocytes during the experiment was a random occurrence not related to variables in the data sample, and the data sample was truncated again to remove those observations in which the oocyte was lost.
Within the truncated sample, the unconditional probability of ND was 115/224 = 5134. Normal development was affected by cumulus quantity, which in turn was influenced by the presence of a CL, follicle size (FZ), and P4 concentration. The model best representing the truncated data sample was a system of three equations, Equations 3, 4, and 5 in Table 4 . Two were logistic functions representing the conditional probability of occurrence for the restricted dependent variables ND and CQN34, and the third represented P4 concentration. After testing many specifications, only one variable in the data sample was found to directly condition ND, Equation 5. The variable was a categorization of oocyte cumulus quantity, which was recorded in the data sample as one of four values, Table 1 . During estimation there was no discernable difference in response or effect between cumulus quantity values l and 2, nor was there a discernable difference between cumulus quantity values 3 and 4. There waa, however, a difference between the two subsets. Thus, a binary variable was constructed (Le., CQN34 = 1 when cumulus quantity was a 3 or 4, = 0 otherwise).
Because CQN34 was itself a response of the biological system, another equation, Equation 4, Table 4 , was added to the model. Three explanatory variables, P4, CL, and FZ, entered the equation and thus acted to condition the probability that cumulus quantity was either 3 or 4. It ET AL.
should be remembered that CL was a binary variable, and the presence of a CL was itself a conditional probability, conditioned by the plane of nutrition treatment and cow age. It should be noted that CL included cows from both the high and low planes of nutrition and of different ages and both CL right and CL left ovary. The possibility of influence by ipsilateralcontralateral confiiation of the CL and the follicle from which the oocyte was aspirated was tested by constructing variables representing the disjoint subsets. Estimation results did not support side or ipsilateral-contralaterrtl configuration as significant explanatory variables because there was not improvement in the measures of fit. Thus, the conclusion was that "simply" the presence of a CL was important in conditioning the probability of CQN34. The low plane of nutrition and inseparable cow age effect, however, had an indirect effect as they conditioned the probability that a CL was present and P 4 concentration.
The second variable acting to condition the probability of CQN34 was a continuous variable, FZ, measuring the diameter of the follicle lin millimeters) from which the oocyte was aspirated.
It should be noted that FZ and follicular fluid Table 4 ); no other variables entered as significant explanatory variables, and the intercept was smaller, reflecting the effect of sample truncation.
Thus, the consistency of the estimates, the robustness, increased confidence that the structure of the relation was properly modeled.
The influence of the three explanatory variables in conditioning the probability CQN34 is shown by the example calculations presented in Table 7 ; the unconditional probability in the truncated sample was 116/224 = .5179. For a given follicle size and P4 concentration the probability that CQN was 3 or 4 was greater when a CL was present than when there was no CL.
In appearance, the ND equation (Equation 5, Table 4 ) was quite simple and straightforward. Because CQN34 was binary, there were only two conditional probabilities to be calculated: P(ND = 1 I CQN34 = 01 = .3611 and P(ND = 1 I CQN34 = 11 = .6552
This apparent simplicity, however, masks the complexity of the system because 1) cumulus quantity was conditional on the presence of a CL, FZ, and P4; 2) P4 was dependent on LL and LH; 3) CL was conditional on L and an apparent, but inseparable, influence from cow age; 41 the estimates were conditional on an oocyte being recovered; and 5) the probability an oocyte was recovered was conditional on L and P4.
The complexity of the total system, the various responses to the plane of nutrition followed by the effects on subsequent responses, may be represented by incorporating the results of Equations 3, 4, and 5 into the initial tree diagram, Figure 2 .
The objective of this research was to identify variables in the data sample that ostensibly ORA is the probability that an oocyte was recovered at aspiration, DOMF is dominant follicle, FZ is follicle size (millimeters) and CQN34 is the probability that cumulus quantity was 3 or 4.
affected oocyte development response, variables that conditioned the probability of normal oocyte development. The variables and combinations of variables in the data sample were specified as independent regressors in the logit model. Had the research been done with the view that the variables in the data sample, other than ND, were predetermined variables the conclusion would have been that cumulus quantity alone conditioned the probability of normal oocyte develop ment after treatment with FSH. The model would have been a very simple single equation, a single explanatory variable model with no recognized plane of nutrition effect or effects from attendant traits, characteristics, and hormone levels. Rather, this research recognized that when regressors in the model were themselves results of the biological system additional equations explaining variation in the endogenous regressors should be specified and parameter estimates obtained; responses of the biological system should be traced back to the basic determinants that initiated and motivated the system. The system of equations selected as best representing the data sample revealed a complex system, a model consisting of five equations with a sixth relation implicit. The implicit relation was the plane of nutrition (and perhaps cow age1 effect on the presence of a CL. The five equations represented P 4 concentration and the conditional probabilities of recovering an oocyte, cumulus quantity, and ND. From the results, the high plane of nutrition clearly acted to increase the probability of normal oocyte development after treatment with FSH. The effect, however, was an indirect effect working through other system responses, the probability an oocyte was recovered at aspiration, the presence of a CL, P4 concentration, and cumulus quantity.
Implications
Research often focuses on one trait or characteristic: normal oocyte development. But, aa clearly shown here, if other response variables are considered, predetermined errors result. The more grievous errors are the errors in logic and understanding of the biological system; the probability of normal oocyte development is not simply conditioned by cumulus quantity. The plane of nutrition also plays an important role. Working toward complete specification provides insight and generates an additional hypothesis and a question relative right-left ovary activity is responsive to plane of nutrition, but what are the basic determinants of the loss of oocytes or of follicle size? Identifying and obtaining measurements on basic determinants whose values are generated outside of but initiate or motivate the system would seem to be a high research priority.
